INTRODUCTION
Since the first direct observations of primary cosmic-ray electrons in 1960 [Earl, 1961; Meyer and Vogt, 1961] The pulse heights from the scintillation counters energy loss 1 and energy loss 2 (AE1 and AE2) are recorded for each event. Pulse height in AE1 corresponding to minimum energy loss establishes that one singly charged particle traversed the telescope. The counter AE2 samples the electron shower independently of the spark chamber.
A high-voltage pulse is applied to the spark chamber plates at each T1, T2, (• triple coincidence, and the position of each spark is recorded digitally. A lead plate with a thickness of 11.6 g/cm •' (2 radiation lengths) is above the chamber, and three lead plates, each 5.8 g/cm 2 thick, are inside the chamber; a pair of chamber gaps is below each lead plate.
The chamber shows no sparks for electrons stopping in the first lead plate, which indicates their short range. For more energetic electrons, the chamber indicates the development of their cascade shower. These electrons can be distinguished from the protons penetrating the lead without a nuclear interaction, because the protons leave a single straight track in the spark chamber.
Most protons that do interact in the detector are eliminated by the guard counters. These counters completely surround the chamber, except for apertures for the allowed particle beam. For each event we record whether a guard counter is triggered in coincidence with the telescope counter. An interacting 16-Gev proton has greater than 90% probability of sending • at least one charged particle through a guard counter [Israel, 1969] . The guard counters also allow us to eliminate charged particles that enter the detector from outside the acceptance cone but give a triple coincidence by interacting in the lead and sending particles up through the telescope counters. Four of the balloon observations to be discussed (flights C1, C2, C3, and P1) were performed with the 'normal' detector configuration as described above. One other observation (flight C4) was performed with a modified detector configuration. The first modification involved changing the coincidence requirement for analysis from a T1, T2, • triple coincidence to a double coincidence between T1 and T2, recording separately with each event whether a triple coincidence occurred. Second, we added four 5.8-g/ cm'-thick lead plates to the spark chamber in the four spaces between chamber gaps where the normal configuration contained no lead.
This modification allowed the measurement of low-energy protons and a particles which stopped or interacted in the spark chamber. It also allowed a lower, although less clean, energy threshold for electron measurements. In this paper, we consider only electron measurements using triple coincidence events.
BALLOON FLIGHTS
The data reported in this paper are derived from five balloon flights whose pertinent characteristics are summarized in Table 1 . Flights C1, C2, and C4, launched from Fort Churchill, Manitoba, provided data .on primary electrons. Evidence presented in paper 2 shows that the geom'agnetic cutoff rigidity at the location of the detector was below 17 Mv during a 'nighttime' portion of these flights and was near 100 My during a 'daytime' portion. Our results for primary electrons below 100 Mev are derived from the nighttime data, and results above 100 Mev are derived from the entire flights. On flight C3, also from Fort Churchill, the detector system was inverted to point toward the nadir and detect upward-moving splash albedo electrons. Throughout flight P1, launched from Palestine, Texas, the vertical geomagnetic cutoff [Shea et al., 1968] 3. The pulse height from the counter AE1 corresponds to energy loss between 0.51o and 1.71o, where Io is the most probable energy loss of a relativistic singly charged particle.
4. Either there is no output from AE2, or there is an output from AE2 corresponding to energy loss greater than 1.710 and the spark chamber did not show a single straight track.
These criteria eliminate most of the background due to particles other than electrons, but they also eliminate some electrons. The solid curve in Figure 2 shows the electron detection efficiency as a function of energy.
For electrons with energy between 100 and 1000 Mev we determined the efficiency directly, by using the monoenergetic external electron We have considered in detail the possibility of contamination of our electron measurements by protons, pions, and muons [Israel, 1969] These four types correspond approximately to electron energies at the top of the detector of 12-50, 50-100, 100-350, and 350-1000 Mev, respectively. We calibrated the detector at the Caltech synchrotron to determine the energy dependence of the probability for producing each type of event. We derive an electron spectrum from the observed number of events of each type and our calibrations with a straight-ATMOSPHERIC SECONDARIES The analysis described above permits us to calculate the spectrum of electrons incident on the detector system. To derive the electron flux incident at the top of the atmosphere, we must subtract the contribution of atmospheric secondary electrons from the observed spectrum.
In the upper 10 g/cm 2 of the atmosphere, the principal source of secondary electrons at energies •>20 Mev is the decay of charged pions that originate in interactions of primary cosmicray nuclei with air nuclei. The resulting secondary electron spectrum has been calculated from the known primary cosmic-ray spectrum at solar minimum and the pion production cross sections by Perola and Scarsi To simplify comparison between our results and the results of other experimenters, Table 4 gives our fluxes summed over various energy intervals. In Table 5 Table 3 . In Table 6 , line 2, we present the electron fluxes in various energy intervals derived from these events. The corresponding differential energy spectrum is plotted as solid points in Figure 9 . Also shown, in line 3 of Table 6 1' These electrons were identified only as having range greater than 10 g/cm 2. The corresponding energy is estimated from our own detector calibration at the Caltech synchrotron. We cannot attempt to draw any conclusion about the latitude dependence of the splash albedo from comparison of our results with Verma's because of the apparent instrumental differences previously noted. We shall, however, compare our own return albedo measurement near Palestine with our splash albedo observation near Churchill (lines 4-7 of Table 6 ). The intensities of the splash and the return albedo at rigidities below the local geomagnetic cutoff are expected to be equal at any point at the top of the atmosphere, provided that the magnetic field strength at the given point is the same as at the conjugate point in the other hemisphere. This equality follows from the splash origin of the return albedo and the fact that the primary cosmic-ray flux at a given geomagnetic latitude in the northern and southern hemispheres is the same. Although the splash and return intensities, integrated over all directions, should be the same, the vertical splash albedo flux may be lower than the vertical return albedo flux. The dominant source of splash albedo electrons is likely to be cascade showers from interactions of primary cosmic rays entering the atmosphere at grazing incidence [Bland, 1965] . Such showers tend to be collimated in the direction of the incident primary particle, so that we expect the splash albedo to be most intense at large zenith angles. Treirnan [1953] has pointed out that the return albedo will tend to be less anisotropic than the splash albedo. As a result, we expect the vertical return albedo flux to be an upper limit to the vertical splash albedo at the same location.
We note that this expected relationship between the splash and return albedo fluxes has not been extensively tested. The only previously published observation of both splash and return albedo electrons with the same instrument near the same location is that of Verrna [1967] . The observed difference between the splash and albedo fluxes was not considered significant. Also, we show in paper 2 that our observations near Fort Churchill are consistent with equality between the splash and return albedo fluxes below 100 Mev. We feel, however, that uncertainty in the precise value of the 'daytime' geomagnetic cutoff at the location of the detector introduces significant uncertainty in the interpretation of any return albedo measurement near Fort Churchill.
For the purpose of discussing our results ( Table 6) 
